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O Abstract: Plasticifced polyvinyl butyral sheet containing dispersed therein, an infrared-absorbing effective amount of at least 
^ one quaterrylenetetracaxboxylic dimide infrared-absorbing additive of formula I in the specification. A glass laminate having visible 
^ light transmitting and infrared light absorbing properties contains such sheet sandwiched between glass layers. 
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TITLE 

CONTROLLING SOLAR RADIATION IN SAFETY GLASS LAMINATES 

5 . 

10 • BACKGROUND OF THE INVENTION 

Field of the Invention • 

This invention relates to plasticized polyvinyl butyral 
15 (PVB) sheet containing dispersed heat absorbing additives 
and to a glfcSs laminate containing such" shee-6, 

Related Background Art 

20 Laminated safety glass containing shock-dissipating sheet 
, of plasticized PVB between two glass layers is widely used 
in vehicle and building windows where the PVB sljeet 
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f unctions to * absorb the blow from the head of an occupant 
within a vehicle containing the window or from a foreign 
object from outside the window without penetrating the 
safety glass laminate. It is also known to disperse minor 
5 quantities of functional additives in the PVB sheet 

■formulation to selectively absorb heat-producing infrared 
(IR) solar radiation while not hampering the transmission 
• of visible light 'through the glass laminate containing 
Such PVB sheet. With sheet containing* such additives,, 
.10 - excessive heating and physical damage to an interior area 
surrounded by the laminated glass (such as the interior of 
a vehicle 'parked in the sun) is thus avoided. In this 
regard, U.S. Patent No, 5,830 r 568,' discloses inorganic and* 
organic IR-absorbi^g additives in PVB sheet in a layered 
15 safety glass laminate, 

U.S. 'patent jJos ♦ 5/405,962 and 5, 986, 099 ,. .disclose 

quaterrylenetetraearboxylic, diimide compounds and their 
, . preparation. The '962 patent discloses use of non-core- 

20 substituted quaterrylene compounds as pigments or 

' fluorescent dyes or as photoconductors . Uses for the core 
• • substituted diimide' compounds of the '099 patent are 

• disclosed also »as pigments or fluorescent dyes 
particularly for coloring organic materials or 
25' organic /inorganic composites, 

A need continues to exist for improvements in the art of 
selectively controlling solar radiation in safety glass , 
laminates by means of the composition of the PVB sheet in 
30 such laminates. 
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*• 3 ** 

SUMMARY OF THE INVENTION 

Now impr'ovfements hav6 been mad© in the composition 6f PVB 
sheets containing additives for selectively controlling. 
5 solar radiation. 

Accordingly, a principal* object -of this invention -, t is to 
provide IR-heat absorbing and visible light transmitting 
' properties 'in glass laminates whetfe. heat blocking is 
10 achieved by the 1 formulation .o±- the PV£ Sheet per, se. 
without requiring additional- functional .layers in the 
laminate-* to accomplish this,, i.e., on the surfaces of 
. either the glass layer (s) or by incorporation of specially 
coated films within the laminate. 

15 

A specific object is to provide plasticlzed PVB sheet' 
• containing one or more organic tR-absbrbing additives 
which can be combined with glass in a safety glass 
laminate to provide improved heat, insulating properties. 
20 ' ♦ 

Other objects will in part be obvious and will in part 
appear from this following description, and claims.. 

These and other '.objects are accomplished by providing 
25 piasticized polyvinyl butyral sheet containing an 
infrared-absorbing effective amount of at.least one 
quatertfylenetetracarboxylic diimide of formula Is 
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I R' 



wherein 



R and R' are independently 'C^Cao-alkyl whose carbon chain 
5 optionally is interrupted by one or more of ~S-, 
-NR l -y -CO- and/or -S0 2 - and which optionally is 
monosub^tituted or poly substituted by cyano, C^Cg-alkoxy ' 
or a 5-, 6- or 7-memb.ered heterocyclic radical which is . 
V attached via a -nitrogen atom and which Optionally contains 
10 additional heteroatoms "and optionally is -aromatic; 

C 3 -c B -cycloalkyl whose carbon chain may be interrupted by 
one or. more groups selected from the group consisting of - 
0-, -S-, -NR 1 -, -CO- and/or -S0 2 ~ and which may be 
15 monosubstituted or polysubstituted by Cj.-Cs-alkyl; or 

aryl or hetaryl, each of which optionally is 
mbnosubstituted or polysubstituted by Cj-Cie-alkyl, 
C^Cg-alkoxy, cyano, -CONHR 2 , -NHC0R 2 and/or aryl- or 
hetarylazo, each of which, optionally is substituted by 
C^C^-alky!, C 1 -C 6 -alkoxy or halogen, where 



20 



R 1 is hydrogen or C^Cg-alkyl; and 
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R a is hydrogen;. C l -C 19 -alkyl; aryl or hetaryl, each 
of which optionally is substituted by c^-Cg-alkyl, 
.dj-C 6 -alkoxy, halogen or cyano; 

5 X is independently halogen; C t -C 18 -alkyl, aryloxy,. 

arylthio, hetaryloxy or hetarylthio, each of which may be 
• substituted by C^-alkyl , or C^C^-alkoxy ; or 




where 

, R 3 is C^Cg-alkyl, whose carbon chain may bfe 

interrupted by one or more groups selected f^om the 
group consisting of -0-, -S-, -NR--, -CO- and/ or 
15 -S0 2 - and whiqh may be monosubstituted or . 

polysubstituted by C^C^-alkoxy or by a 5- to 
7-membered heterocyclic radical which, is attached 
. via a nitrogen atom and piay contain further 
heteroatoms add ba aromatic; or 
.20 "C 5 -C 8 -oycl04lkyl whose carbon chain may be 

interrupted by one' or more groups selected from the 
, group consisting of -0-, -5-, -NR 1 -, -CO- and/or 
-S0 2 - and whigh m^y be. monosubetituted or 
poly substituted by C^C 0 -ilkyl; 
25 and p is from 0»-16* 

In .a particularly preferred embodiment o£ the invention 
the quaterrylenetetracarboxylic diimide is a tert- 
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alkylphenoxy-substituted quaterrylenetetracarboxylic 
diind.de infrared-absorbing additive of formula II: 




II 



• where ' ' . 

Q is a W,N' -disubstituted quaterrylene-3 , 4 : 13, 14- 

tetracarboxylic diimide radical as described above; 

10 

R 3 ' is jbhe same as defined above;* 

,Hal is chloro and/or bromo; 

15 in is from 0 to 15? and 

n is from 1 to 16 /subject to the proviso that the 

' sum m + n is is 16 • 

20 The. PVB sheet of this invention may also include one or 
more inorganic IR-absorbing' additives such as* 
nanoparticulate lanthanum hexaboride,' antimony tin oxide , 
indium tin oxide and mixtures thereof, colorants, e.g., 
pigments and 'dyes, UV stabilizers and adhesion control 
' 25 ' agents may also be included in the PVB sheet of this 
invention. 
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This invention is also directed to a laminate having two 
glass* sheets with. the above-described PVB sheet disposed 
therebetween., The laminate of this invention may also 
include two or more PVB sheets interposed between the 
5 glass sheets. For example, a laminate may have pne*EVB 
sheet containing an IR absorbing effective amount of 
quaterrylimid©' and a second .PVB sheet containing one or 
more of an inorganic IR-absorbing additive. In addition , 
. the laminates of this invention may include a functional 
10 PET film interposed between two sheets of PVB .so long as 
the quatejrrylimide present in either ,one PVB sheet alone 
or both PVB sheets together- is an IR absorbing effective 

amount of quaterrylimide. 

* 

15 BRIEF DESCRIPTION OF THE DRAWING 

In- describing the overall invention , reference will be 
made to the accompanying drawing which is a plot 6f 
intensity versus wavelength of solar radiation passing 
2 0 through a 3laes laminate of the invention containing PVB 
sheet of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The guaterrylenetetracarboxylic diiraide (hereinafter 
sometimes called "qufcterrylitoide" ) iR-abtforber for 
incorporation as an additive into tha formulation of PVB 
9heet according to this invention is Of formula I, 
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A particularly preferred IR-absorber is the tert- 
alkylphenoxy-substituted quaterrylenetetracarboxylic 
diimide (hereinafter sometimes ' called "tert-alkylphenoxy- 
substituted quaterrylimide" ) described by formula II.- 

5 

The tert-alkylphenoxy radicals characterizing the 
compounds II and also any halogen atoms present in 
addition may be attached directly or via aryl substituents 
to the polycyclic core of the quaterrylimide • It will be 

10 appreciated that both forms of attachment can occur in one 
and the same compound II. if present, the aryl 
substituents are resistant to base attack, and include, 
for example, unsubstituted or alkyl- and/or alkoxy- 
■ substituted aryl, especially phenyl, or hetaryl, such as 

15 2-, 3~ and 4-pyridyl and pyrimidyl. These aryl 

substituents can either be attached directly to the 
polycyclic -core or the imide nitrogen atoms. Preferably — 
the quaterrylimides of formula II, bear the tert-. 
alkylphenoxy radicals directly on the polycyclic core or 

20 have at least directly attached tert-alkylphenoxy radicals 
in addition to arylene-attached tert-alkylphenoxy 
radicals . 

The compounds II- contain from at .least 1 to 16 (n: 1-16), 
25 especially 2 to 8, tert-alkylphenoxy radicals. 

The compounds of II are prepared by introducing the tert- 
alkylphenoxy radicals into the quaterrylimides by 
replacement of halogen. Accordingly, if not all the 
30 halogen atoms are replaced, the compounds II can also 
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contain up to 15 (m: 0~15), especially from 1 to A, 
halogen atoms, In which case the total number of the two 
• substifuent groups should not exceed 16, preferably 8. 

5 Generally the range of m+n for compound II will be 1-16 
and preferably 2-^8. 

When the quaterrylimide radical contains additional aryl 

« 

aubstituents not used for attaching tert-alkylphenoxy , the 
10 'maximum for the sum m*n decire^ses accordingly, of course. 

Suitable examples of the R 3 radicals appearing in formula 
II and also. of their substituentfc include methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, 
15 lsopentyl, neopentyl, fcert-pentyl , hexyl, 2*methylpentyl, 
tert-pentyl, hexyl, 2-methylpentyl, heptyl, 1-ethylpentyl, 
octyl', 2-ethylhexyl and isooctyl; 

2-methoxyethyi, 2-ethoxyethyl, 2-propoxyethyl, 2- 
. 20 isopropoxyethyl, 2-butoxyethyl, 2- and 3-methoxypropyl, 2- 
and 3-ethOxypropyl, 2- arid 3 -propoxypropyl , 2- and 3- 
butoxypropyl, 2- and 4-methdxybutyl , 2 - and 4-ethoxybutyl, 
2- arid 4-propoxybutyl, 3 , 6-dioxaheptyl , 3 , 6-dioxaoctyl, 
4',8'*.dioxaHonyl', , 3,7-dioxadctyl, 3 , 7-dioxanonyl, 4,7- 
25 dioxaoctyl, 4,7-dioxandnyl* 2- and 4-butoxybutyi, 4,8- 
dioxadecyl, 3,6,9-trioxadecyl and 3,6,9-trioxaundeeyl; 

2-methylthioethyl, 2-ethylthioethyl, 2-propylthioethyl, 2- 
isopropylthioethyl, 2-butylthio©i:hyl, 2- and 3- 
30 mathylthiopropyl, 2- and 3^ethylthiopropyl , 2- and 3- 
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. m propylthiopropyl , 2- and' 3-butylthiopropyl, 2- and 4-' 

methylthiobutyl, 2- and 4-ethylthiobut;yl, 2- and 4- 
propylthiobutyl, 3 , 6-dithiaheptyX , 3, 6-dithiaoctyl, 4,8- • 
' dithianonyl, 3 ,7-dithiaoctyl, 3, 7 -dithianonyl, 4,7- 
5 dithlaoctyl, 4, 7 -dithianonyl, 2- and 4'-butylthiobut:yl, 
• 4,8-dithiadecyl, 3, 6.,9-trithladecyI and 3,6,9- 
, " trithiaundecyl; 

2-monomethyl- and 2.-monoethylaminoethyl , 2- 
10 dimethylaiiiinoethyl, 2- and 3-dimethylaminopropyl, 3- 

monoisopropylaminopropyl, 2- and 4-monopropylaminobutyl, 
2- and 4-monojnethylaminobutyl, e^methyl-S / 6-diazaheptyI, 
3 , 6 -dimethyl -3 , 6-diazaheptyl , 3 r 6-diasaoctyl, 3,6-' 
, dini$thyl-3, 6-diaaaoctyl, 9-methyl-3 , 6 , 9-triazadecyl, 
* 15 3 f 6,9-trimethyl-3, 6, 9-triazadecyi, 3, 6 , 9-tria2aundecyl and 
3 f 6 , 9-trimethyl-3 , 6 , 9-tri-azanndecyl'; 

1 propan-2~on-l-yl, butan-3-on~l-yl, butan^3-on-2-yl ,and 2-' 

ethylpent^nT-3-on-l-yl; . .. , 

■ 20* : • / . . 

2-m.ethylsulf onylethyl, 2-ethyls.ylf onylethyl, 2- 
propylsulf onylethyl, 2^isopropylsulf onylethyl, 2- 
butylsulf onylethyl, 2- and 3-methylsulf onylprppyl, 2- and 
; 3-ethylsulfonylpropyl, 2- and 3-propylsulf onylpropyl, 2- 
25 and 3-butylsulf onylpropyl, 2- and 4-methylsulfonylbutyl, 
2- and 4-ethylsulfonylbutyl, 2- and ,4-propylsulf onylbutyl 
and 4-butylsulf onyjbutyl; 



10/27/2009 TUE 11:55 [TX/RX NO 6060] @041 



2009-Oct-27 11:58 AM Connolly Bove Lodge & Hutz 202-331-7111 
WO 02/077081 

' -11- 

methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, 
sec-butoxy, t'ert-butoxy, pentoxy, isopentoxy, neopentoxy, 
tert -pentoxy and'hexoxy; 

5 cyclopentyl, 2- and 3-methylcyclopentyl, 2- and 3~ 
ethylcyclppentyl, cyclohexyl, 2-, 3- and 4- 
' methylcyclohexyl , 2-, 3- and 4-athylcyclohexyl, 3.- and 4- 
propylcyclohexyl-, 3- and 4-isopropylcyclohexyl, 3- and 4- 
butylcyclohexyl, 3- and ^-see-butylcyclohexyl, 3* and 4- 

♦ 

10 tert-butyloydlohexyl, cycloheptyl, 2-, 3- and 4- 

methylcycloheptyl , 2-, 3- and 4-ethylcycloheptyl, 3« and 
4-p»opylcycloheptyl, 3- .and 4-isopropyicyoloheptyi, 3- and 
4-buty'lcycloheptyl, 3- and 4-sec-butylcycloheptyl, . 3- and 
4-tert-butylaycloheptyl, cyclooatyl, 2-, 3 7 , 4- -and S- 

15 niethylcyolooc-tyl, 2-, 3-, 4- and 5-ethylcyclooctyl , 3-, -4- 
and 5-propylcyclo'6ctyl, 2*dioxanyl, 4-morpholinyl, 2+ and 
3-tetrahydrofuryl f ' 1-, 2«~ and -.S-pyijrolidinyl and 1-, 2-. 
3- and 4-piperidyl'. 

20 Examples of preferred tert-alkoxyphenox'y' radicals are p- 
( 1 , 1-ddmethylpropyl ) phenoxy , . p- { 1 , 1-dimethylbutyl ) phenoxy , 
p-('l,l-dlmethylpehtyl)phehoxy, p-»(l, 1,3,3- 
. .tetramethylbutyl)phenoxy, p-(2-cyclopehtyl-:l,l- 
diroethylethyl)phenoxy, p-(2-cyclohexyl*l",l- 

25 dimethylethyl)phehoxy, p-(2-cycloheptyl T l,l- 

dimethylethyl)phenoxy and p-'(l,l-dimethyl-2-(4- 
iriorpholinyl ) ethyl ) phenoxy . 

The quaterrylimide radicals of aompound II 'will generally 
' 30 bear the following base-stable substituents on the imide 
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nitrogen atoms , i.e preferably the R groups of formula I 
are independently: 

C 6 -C 30 -alkyl whose carbon chain may be interrupted by one 
5 or more- groups selected frgm the group consisting of .-0-, 
-S-j -NR 1 -, -CO- and/or -S0 2 - and which may be 
monosubstituted or polysubstituted by C^C^-alkoxy or by a 
5- to 7-membered heterocyclic radical which' is attached 
via, A nitrogen atom and may contain further heteroatoms 
10* and be aromatic; 

C 5 -C e -cycloalkyl whose carbon chain may be interrupted by 
one or more groups selected from the 'group consisting- of - 
-NR 1 -, -CO- and/or -S0 2 - and which may be 
' IS t mpnbsubstituted or polysubstituted by Ci-C^-alkyl; or 

• . aryl' or hetaryl which may be monQsubstituted or' 

I ' polysubstituted by C^C^-alkyl, Ci-Cg-alkoxy , cyano f -CONH- 

R 1 and/or -NH-COR 1 . 

20 

The following radicals may he specif ically. mentioned by 
, way of example for these sajbstituents, i.e./ as preferred 

R.and R' groups on the imide nitrogen atoms of the 
quaterrylimida, in addition to the radicals already 
25 mentioned: 

nonyl, isononyl, decyl, isodecyl, uridecyl, dodecyl, 
tri decyl/ isotridecyl, tetradecyl, pentadecyl, hexadecyl, 
heptadecyl, octadecyl / nonadecyl and eicosyl (the 
30 designations isononyl, isodecyl and isotridecyl as well as 
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» 

the' above tnent lofted designation isooctyl are trivial names 
derived from the jalqoholW obtained by the oxo process); 

3, 6,9-trioxadodecyl, 3,6,9,12-tetraoxatridecyl and 
5 3 , 6 , 9 , 12-tetraoxat6tradecyl; 3,6, 9-trithiadodeayl , 
3,6,9, 12-tet*athiatr±decyl and ' 3 , 6, 9 , 12- 
tetrathiatetradecyl ; 

carbamoyl , ■ methyl aminqcarbonyl , etlxylaininoGarbonyl/ 
10 propylarainocarbonyl, butylaminocarbonyl, 
pentylaminocaarbonyl, hexylaminocarbonyl., 
heptylaTtiinocarbohyl , qctylaininocarbony 1 , 
nonylaminocarbonyl and decylaminoearbonyl; formyl amino, 
• acetyl ami no and propionylamino ; 

15 

2-, 3.-. and 4-msthylphenyl, * 2 , 4-, 2,5-,, 3,5- and 2,6- 
dimethylphenyl, 2,4, 6-trime-thylphenyl, 2-, 3- and 4- 
ethylphenyl , 2,4-, 2,5-, 3,5- and 2 , 6-diethylphenyl, 
2,4,6-triethylphenyl, 2-, 3- and 4-propylphenyl, 2,4-, 
20 2,5-, 3,5- and 2,6-dipropylphenyl, 2 , 4 , 6-tripropylphenyl., . 
2-, 3- and 4-isopropylpheiiyl, 2,4-, 2,5-, .3,5* And 2,6- 
diisopropylphenyl, 2 ,4,6Mariisop£-opyAplienyl-, 2*, 3-- and 4- 
butylphenyl , 2,4-, 2,5-, 3,5-. and 2 , 6-dibuty lphfenyi, • ■ 
2,4,6-tributylphenyl, 2-, '3- and 4-isobu-tylpnenyl, 2,4'-, . 
25 2,5-, 3,5- and 2, 6-dii8obutylphenyl, 2,4,6- 

triisqbutylphenyl, 2-, 3- and 4-sec-butylphenyl, 2,4-, 
2,5-, 3,5- and 2 ,"6-diisec:-butylphenyl, 2,4,6-tri-sec- 
butylphenyl, 2-, 3- and 4-tert-butylphenyl, 2,4-, 2,5-, 
,3,5- and 2, 6-di-tert-butylphenyl- and 2,4,6-tri-tert- 
• 30 butylphenyl ; 2-, 3- and 4 -methoxy phenyl, .2,4-*, 2,5-, 3,5- 
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and 2,6-dimethoxyphenyl, 2, 4, 6-trimethoxyphenyl, 2-, 3-. 
and 4-ethoxyphenyl, 2,4-, 2,5-, 3,5- -and 2,6-. 
diethoxyphenyl, 2,4,6-triethoxyptienyl, 2-, 3- and 4- 
propoxypheny 1 , 2,4-, 2,5-, 3,5- ,and 2 , 6-digropoxypheftyl, 
5 2-, 3- and 4-isopropoxyphenyl, 2,4-, 2,5-r, 3,5- and 2,6- 
diisopropoxyphenyl and 2-, ,3- and 4-butoxyphenyl; 2-, 3- 
and 4-cyanophenyl; 3- and 4-carbqxamidophenyl, 3- and 4-N- 
(methyl )carboxamidophenyl and 3- and 4-N- 
( ethyl )carboxainidophenyl; 3- and 4-acetylaminophenyl, 3- 
• 10 ahd 4**propionylaminophenyl and 3- and 4- . . 
butyrylamlnophenyl . ■ 

Ehe preparation of various quaterrylenetetracarboxylic . 
diimides is described in -.U.S. Patent No. 5, 405 , 962 and 
15- U.S. Patent No. 5,986,099, the disclosure of both of which 
are incorporated by reference herein. The tert- 
alkylphenoxy substituted quaterrylimides of formula II may- 
be prepared by reacting the corresponding halides of* the 
formula III 

20 

Hal m + n m t 

with tert-alkylphenols of the formula IV 
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in an inert basic nitrogen-containing solvent in the 
presence of a base and if desired subsequently removing 
unwanted halogen. " 

5 Useful inert basic nitrogen-containing solvents are in 
particular polar solvents, especially nitrogen-containing 
• heterocycles, such as pyridine, pyrimidine , quinoline, 
isoquinoline,. quinaldine and preferably N- 
methylpyrrolidone, and also carbofcajtddefi, such as N,N- 
10 dimethylforraamide and N f N-dimethylacet amide. 

The solvent 'quantity depends on the solubility of the 
halide III " and is customarily in. the ran^e from 2 to 40 g, 
preferably from 4 to 25 g, of solvent per g of halide in. 

15 - ...-\ 

Useful bases are in particular nonnucleophilic or only 
weakly- •nucleophilic compounds. .Examples of. such bases are 
alkali metal hydroxides, such as potassium hydroxide and 
sodium hydroxide , alkali metal carbonates/ such as 

20 potassium carbonate and' sodium carbonate , and also alkali 
metal alkoxides. of tertiary alcohols , suoh as lithium 
tert-butoxide, sodium tert-butoxide knd potassium tert- 
butoxlde, 'Which are used in anhydrous forta. 

25 in general , from 0.8 to 1.5, preferably from 1.0 to* 1.2/ 
molar equivalents of base are' used per mole • of halogen 

atom .to be replaced. 

• » 

« ■ 

The halides III used as starting materials are generally 
30 known or- obtainable according to known methods by reacting 
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the unhalpgenated guaterrylimide with halogenating agents, 
especially the elemental halogens. Such halicies III that 
contain halogen atoms* attached to aryl substituents are 
known - to be generally obtainable by introduction of the 
5 halogenated aryl radical's into the polycyclic system of 
the • guaterrylimide . 

The molar ratio of- halide III to phenol IV depends on the 
number of halogen ^toms to be- replaced • In general, • from 
10 1 to 2, preferably from 1 to 1.3, mol of phenol IV is used 
per mole of halogen atom to be replaced in halide III. 

The reaction temperature is customarily in the range from 
50 to 200°C, preferably at from 60 to 140°C. 

15 

It is advisable for the reaction to be carried out under 
protective gas, for example nitrogen or .ar£on.. 

The reaction time depends on the reactivity of the halide 
20 -III and is about 2-48 h. 

Varying the reaction conditions - amount of phenol IV and 
base and the reaction temperature - advantageously 
provides control over the halogen replacement, so that it 

25 is no problem to prepare not only compounds II where all 
the halogen atoms have been replaced (m-0) but also 
compounds II which do contain halogen. If desired, the 
halogen can subsequently be removed from the compound II* 
Thus, a single starting material III can be used, if 

30 desired, to prepare various compounds II. 
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The process is advantageously carried ou-fe by initially 
charging the solvent, adding halide III, phenol IV and 
base and heating the resulting solution or suspension to 
the desired reaction temperature for 2-48 h while- stirring 
5 -under protective gas. 

» 

After cooling down to room temperature, the reaction 
product can be isolated by filtering off the precipitated 
reaction product directly or after dilution with 3 to 4 
10 times the volume of water, a dilute inorganic acid, for 
example 5-10% by weight hydrochloric acid, or an aliphatic 
alcohol, for example methanol, washing first with a little 
solvent and then with water to .neutral run-off and drying 
under .reduced pressure* 

X5 

In some cases, especially in order to obtain high degrees 
of substitution. iOr. in the case of the -bromides, III, which 
are more base-labile and hence more prone to undesirable 
secondary reactions, it can be advantageous for high 
20 product purity for the phenoxylation reaction to be 

carried out in two stages* In this case, the halide ill 
is initially reacted with only a portion, advantageously 
the amouiyt heeded to replace the most labile halogen 
substitubnts , of phenol IV and base, the partially 
• 25 phenoxylated product- is separated from the reaction 

mixture by filtration and. is subsequently reacted with the 
rest of phfenOl IV and base to form the desired product* 

In general, the compounds II obtained as described above 
30 have a sufficiently high assay (> 95%) that there is no 
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need for further purification. Analytically pure products 
* . can be prepared by recrystaliization from aromatic 

solvents , such as toluene and xylene, or halogenated 
hydrocarbons, such as methylene chloride and chloroform, 
5 or by filtration of a solution of the products in these 
solvents through silica gel and subsequent concentrating. 

If only« part of the halogen substituents ware replaced and , 
the halogen still present is to be removed, this 'can be 
10 done by means of known methods / 



By way of example, two dehalogenations will now* be 
15 ' described which' would be very advantageous for this 
• purpose. 

*■< . » * * - , 

in the first method, the dehalogenation is base-induced in 
the presence of an inert basic nitrogen-containing or 
20 aromatic solvent. 

Useful bases for ' this purpose include for example alkali . 
metal hydroxides, such as potassium hydroxide and sodium 
hydroxide, alkali metal carbonates, such as potassium 
25 carbonate and "sodium carbonate, alkali metal alkoxides. of 
secondary a!nd tertiary alcohols ' such as lithium 
isopropoxide, sodium isopropoxide, potassium isopropoxide, 
lithium tert-butoxide, sodium tert-butoxide and' potassium 
, tert-butoxide, and also sterically hindered nitrogen 
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bases,, such as diazabicyclodotane {DABCO),.. 
diazabicyclononene (DBN) and diazabicycloundecene (DBU). 

' The amount of base, is not critical as such. It is' 
S customary to use from 1 to 3, preferably from 1 to 1,5, 
mol equivalents of base per mole of halogen atom to be 
eliminated, 

! 

* * ' 

Useful solvents include not only aromatic solvents , such 
10 as toluene and xylene , but also the same solvents as used 
in the phenoxylation, the use level of which in turn 
depends on the solubility of the compound I to. be ■ 
dehalogenated and is generally in the range from 2 to 50 
g, preferably in the range from 5 to 25 . g f per g of 
15' compound !• 

, The reactio*} .temperature- is customarily in the range from 
50 to 200°C, preferably from 6Q.to 130' C C, > . 

20 It is advisable for the dehalogenation to be carried out 
under protective gas, for example nitrogen or argon. 

The reaction tiine depends 6?n the Reactivity of the, 
compound I. to be 'dehalogenated and is. about 1-6 h, 

25 

The* process is advantageously carried out by initially 
charging a .solution or suspension ill the splvent of the 
compound I to bis dehalogenated, adding the base and 
heating the resulting mixture to the desired reaction 
30 temperature for 1-6 h while stirring under protective gas. 
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When there is a risk of undesirable secondary reactions, 
for example saponifications, it is advantageous for the. 
ba9e not to be added until after heating to reaction 
temperature, 

5 

After cooling down to room temperature, the reaction 
product can be isolated by diluting the ♦ reaction mixture 
with from 3 to 4 times the volume of a dilute inorganic * 
I ' acid, for example 5-10% by weight hydrochloric acid, 

| 10 filtering off the thusly precipitated, product,- washin'g 

• initially with the dilute acid and then with methanol or 
water to neutral run-off and drying under reduced 
I pressure. . 

15 The second method ' comprises a transition metal, catalyzed 
reductive dehaloganation in the 'presence of a solvent that 
is inert under the reaction. . conditions . , 

• ♦ • 

The reducing agents used here are preferably complex 
20 * hydrides, especially aluminohy.drides, such as lithium 
aluminohydiride, and especially borohydrides , preferably 
sodium borohydride, or elemental hydrogen. 

The amount of reducing agent is r\ot critical as such. 
25- Generally from 1 to 5, preferably from 2 to 3, mol 

equivalents of reducing agent are used per mole of halogen 

atom to be eliminated * 

♦ 

Useful transition metal catalysts include in particular 
30 palladium compounds, such as Pd(II) and Pd(0) compounds. 
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The reduction with complex hydrides . is pre-f erably 
catalyzed using palladium(II) acetate, di-ch,loro( 1, 5- 
cyclooctadiene) palladium (II) , dichloro[ 1, 1'- 
bis(diphenylphosphino).ferrocene] palladium (II) , 
5 tri3(dibenzylideneacetone)dipalladium(0) , tetrakis (tri- 
phenylphosphine ) p'alladium( 0 ) and tetrakis ( tris-o-tolyl- 
phosphine)palladium(O) and the reduction with elemental 
hydrogen is preferably catalyzed using palladium-d6ped . 
activated carbon. 

Generally from 0 ,5. tc 2 mol% of catalyst are used per mole 
of halogen atom to be eliminated . ■ 

The choice Of solvent depends "on the choice of reducing' 
15 agent. When complex hydrides are used,, it is especially 
polar apr otic solvents, such as Aliphatic " and 
cycloaliphatic ethers, aromatic' solvents and aliphatic 
nitriles, which are. suitable, while it is especially 
aliphatic alcohols which are suitable if elemental 
20 hydrogen is used. 

Specific examples of these. solvents are diethyl ether, 
tetrahydtofuran and dioxane, toluene and xylene, 
acetonitrile, which is used with btfrohyd'rides in •. 
25 particular, and also methanol and ethandl,' 

.... • 

» 

The amount of solvent is determined by the solubility of 
the compound I to be dehalogenated and is generally in the 
range from 2 to 50 g, preferably in the range frdm 5 to 25 
30 g, per g of compound I, 
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The reaction temperature is customarily in the range from 
0 tO 4 150°C f preferably in the range from 20 to 100°C / 
* although the reduction with complex hydrides is generally 
. carried out at higher temperatures (about 50-100°C) than 
5 the reduction with elemental hydrogen. 

When complex hydrides are used as reducing agents, it is 
advisable to work under protective gas. A hydro genat ion 
with elemental hydrogen is advantageously performed under 
10 'a small hydrogen overpressure. 

Depending on the reactivity of compound I, the 
dehalogenation taKes from 4 to. 72 h. 

« 

.15 The process f or dehalogenating with complex hydrides is 
advantageously, carried out by initially charging the' ♦ • 
s<blV6nt> adding- the compound I to be dehalogenated and 
subsequently the hydride and the catalyst; and' heating the 
resulting solution or suspension to the desired reaction 
20 temperature for 4-72 h while stirring under., protective- ■ 
gas ■ 

After cooling down to room temperature and destroying 
excess hydride by addition of water , the reaction product 
25 cat; be isolated as described' for the base-induced* 
dehalogenation* 

The process for dehalogenating with elemental hydrogen- is 
carried out by initially charging a hydrogenation reactor. 
30 with a suspension, in the solvent, of t}ie compound I to be 
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dehalogenate.d and the oatalyst and heating to the reaction 
temperature for 4-72 h while stirring under a small 
hydrogen overpressure (about 0.1-0.5 bar). 

* S After cooling down to- room temperature , depressurizihg and 
displacing excess hydrogen with nitrogen, the reaction 
product can be isolated as already described. 

To produce compounds 1 having a > 95% as say , the 

♦ 

10 as-dehalogenated compounds can be subjected ,toa 

purification step. Useful purification . options include 
for example fractional crystallization from- solvent 
mixtures with an aromatic solvent, such as toluene and 
xylene, or a halogenated hydrocarbon, such as methylene 

15 'chloride, phloroform and l,l,2,2~tet*achloroethane, as one 
component and an extremely nonpolar solvent, such as 
pentarie or hexane, &b- the other . component or column- 
chromatography over "silica gel using these solvent 
mixtures mobile phase, 

20 

The, guaterrylimide IR-absorber pf formula I, and more 
preferably the tert-alkyphenoxy-substituted quaterrylimide 
IR-absorbet of formula XI, , in solid .form is incorporated 
into the formulation of the PVB sheet by first adding it 

25 as powder to liquid plasticizer for the PVB sheet with 
stirring at about 50 °C after which the stirred mixture 
along with 'any other sheet property-influencing additives, 
is combined with PVB resin to form a premix which is 
melted and homogenized in an intensive mixer and then 

30 shaped into sheet form. 
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The concentration of the quaterrylimide will vary 
depending on the application of the laminate, e.g. 
windscreen or architectural glass f target transmission 
range, PVB thickness and glass thickness. The glass 
5 thickness for architectural application will typically 
r^nge from about 4.8 mm (3/16 inch) to about 12.7 mm (h 
inch), and from about 1.6 mm to about 2*. 5 mm for a 
windscreen application. More particularly, for example , 
for a laminate having a PVB thickness of about 0.76 ram and 

10 a glass thickness of about 6 mm that is used as 

architectural glass, the quaterrylimide will generally be 
present in the PVB in an amount of about, 0.003 to about 
0.1 percent by weight, preferably about 0.005 to about 
0.08 percent by weight, and most preferably 0.01 to about 

15 O.'OS percent by weight of the PVB. In general, a PVB 
layer used in a laminate for windscreen- application will 
have lower concentrations ,of quaterrylimide then a PVB 
layer used in an architectural glass application due to 
regulations on visible transmittance for laminated 

20 automotive windscreens. For example , for a laminate 
having the PVB thickness of about 0.76 mm and a glass 
thickness of about 2.1 mm used as a windscreen, the 
.quaterrylimide will generally be present in the PVB in an 
amount of about 0.003 to about 0.07 percent by weight, 

25 preferably about 0.005 to about 0.06 percent by weight, 
and most preferably about 0.01 to about 0.05 percent by 
weight of the PVB. 

The particular quaterrylimide used in the PVB sheet of 
30 this invention should be compatible with the PVB, stable 
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and have appropriate ,IR absorbing characteristics. 
Referring to formula I, it is generally believed that R 
has little influence on absorption wavelength, but has a 
strong influence on solubility r aggregation behavior and 
5 stability. For example , if R is short chain alkyl the 
. quaterrylimide will have low solubility, a tendency to 
aggregation and high chemical and thermal stability, if R 
ifi longer chain Alkyl, cyclbalkyl, or unsubstituted 
phenyl, then ,the solubility will be much higher and the 

10 aggregation tendency low, but stability* will be lower. 
Preferably, R* is suib&tituted' phenyl or higher aryl or 
hetaryl. In this cd&e the quaterrylimide will, generally 
have high solubility, icty aggregation tendency, strong 
sharp adsorption bands arid high chemical and thermal 

15 stability. 

The. X group; of formula. 1 *is believed to influence both, 
absorption and compatibility, with generally little 
influence on thermal or chemical stability unless X is 
20 halo or (het)arylthlo. For exalhple, if X i6 hydrogeh 
there is generally little influence on solubility Or 
' absorption, while if ■ X is alkyl or alke(i)nyl this results 

in a alight ettheixiOepient 'of solubility and a etnall 

< ■ 

bathocttromic Shift in absorption wavelength. If X is 
25 halogen, this will result in a hypsochroiuic Shift in 

absorption wavelength (to about 740-750 nanometers), while 
if X is (het)aryloxy this will cause a strong bathochromic 
shift of up to 35 nanometers, high chemical stability and 
a moderate erihandeiftertt o£< solubility without substitution 
30 a strong enhancement of solubility with substitution on 
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the (het)aryl moiety. If X is (het)arylthio,. an even 
stronger bathochromic shift in absorption wavelength is 
expected than with (het)aryloxy, but the resulting 
quaterrylimide is likely to have reduced chemical and 
5 thermal stability. The above described effects caused by 
the -selection of X will be more pronounced as p of formula 
I is made larger. 

* * * « • ■ > 

.As .previously noted, the PVB sheet .of this invention may 
10 also contain an inorganic IR-absorber. Exemplary 
inorganic XR- absorbers are described in U.S. Patent 
No, 5,830,568, the disclosure of which is incorporated by 
reference herein* Such absorbers include antimony tin • 
oxide and iridium tin oxide. Other -useful inorganic IR- 
IS absorbers are metal hexaborides,, such as lanthanum. 

hexaboride, which are described in EP-A-1008564 ♦ The 
amount of inorganic IR-absorber addfed to the PVB will vary.', 
with the inorganic IR- absorber employed. For ' example, if 
indium tin oxide is used it will typically be present in a 
20 range of about 0.01 to 1.0 percent by weight of PVB, while 
antimony tin oxide will generally be present in a range of 
about 0.05 to about '1. 5' percent, by weight of PVB. 

The preparation and physical properties of these inorganic 
25 IR-absorbers in solid powder form, their dispersion in the 
PVB sheet and the preparation of glass laminate containing 
■such sheet are disclosed in Japanese Patent Applicatipn 
(Kokai) No. 8-217500. Briefly, to desirably promote 
visible light (wavelength 400 to 700 xxm) transparency in 
30 the finished glass laminate , particles of the inorganic 
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'IR-absOrbei: ate 0.1 micrometer (fjm) in diameter or less, 
preferably not greater than 0.02 £<m: To minimize or avoid 
. undesirablte agglomeration of the inorganic IR additive 

particles which caudfes undesirable haze in the finished ■ 
S glass laminates, the particles are initially mixed with, a 
•maciomolecular surfactant before dispersing in the 
plasticizer* of the PVB sheet formulation. 

The PVB sheet of this invention may *lso contain colorants 
■10 such as dyes &nd pigments. The colorant may be admixed 
with the PVB pr printed on the surface of the PVB shfeet 
Such as disclosed in U.S. Patent No, 3,922,456 Slid U.S. 
Patent No; 3/98*2,984. An" exemplary pigment is copper 
phthalodyanine pi'gment blue available from Sigma-Aldrich 
15- Corp., St. Louis, MO. An exemplary dye that may be used 
, is C.I. solvent blue 102, Available 'ass "KEYSTONE BLUE RC" 
frota Kfc-y-stone Aniline Corp.,' Chicago, IL*. 

Using th& CIELAB system, a well known international 
20 standard for COI05 measurement, the color of .an object, 
under fixed viewing conditions can be defined. A set of 
dimensionless .tiofcirdinates L* , a* r , b* are used to define a 
color's hue* and intensity. These coordinates are measured 
according to instructions provided in iihe publication 
25 "Standard Practice for Computing 1 the Colors of objects by 
. Using the CTE system," ASTM E 308-01.' The wave-length 
■range is between 400 nm and 700 nm, at a wavelength 
interval Of 20. nm* The coordinate L* -is used to- measure 
the lightness or darkness of a color. White is denoted by 
. 30 L*-100 and black is' denoted by L*=0. The coordinate a* 
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measures the level of green or red color in the object,, 
and the coordinate b* measures the 'level of'blue or yellow 
■ in the object. 

* ■ • 

5 In a preferred embodiment, the colorants that are included 
produce a green color in the PVB sheet. The PVB sheet is 
typically placed between glass sheets forming a laminate* 
The color of the green colored PVB sheet, or green colored 
laminate is defined by the cielab system, where L* is from 
1 10 about 76.0 to abotft 94. Q r a* is from- about -38.0 to about 
. -8.0, and b* is -from about -5.0 to about 7.0. Preferably, 
the green colored i>VB sheet or green colored laminate has 
an L* value from about 86.0 to about 89.5, an* a* value 
from about -28.0 to about -15.0, and a b* value from about 
15 -r.O to about 4.5.. 

Irt another preferred embodiment, a gray* color is produced 
by including the colorants in the PVB sheet. The gray 
colored PVB sheet or gray colored laminate formed by 
. . ( 20 . placing the .gray colored PVB sheet between glass sheets . 

has an L* value from about 59.0 to about 87.0, an a** value 
'from about -7.0 to about 3.0, and a b*- value from about - 
8.0 to about 2.0. More preferably,- the gray colored PVB 
sheet or gray colored laminate has an L* value from about 
25 69.5 to about 77. 0, an a* value from about -4.0 to about 
1.0, and a' b* value from about -5.0 to . about 0.5. 

PVB resin of the' sheet of this invention has a weight 
average molecular weight greater than 7Q,000, preferably 
30 about 100,000 to 250,000, as measured by size exclusion 
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Chromatography using low angle laser lights scattering. On 
. a weight basis fcVB typically ' comprises leas than 19.5%, • 
preferably about 17 to 19% hydroxyl . groups calculated as 
polyvinyl alcohol (PVOH); 0 to 10%, preferably 0 to 3% 
5 residual ester groups, - calculated as polyvinyl eater, e.g. 
acetate, with the balance being acetal, preferably 
butyraldahyde acetal, but optionally including a minor 
amount of acetal groups other than butyral, for example 
,■ 2-ethyl hexanal as disclosed in U.S.- 5,137,954. • 
!0 • • . 

•PVB resin is commercially available as Buttfar® resin from 
Solutia,. Inc. of St.- Louis, Mo. 

The 3?VB resin of the- sheet of this invention is typically 

15 plasticized with about 20 to 80, more commonly 25 to 45, 
parts plasticizer per hundred, parts resin. Pl'asticizers 
commonly employed are esters .of a-poiybasic aoid or a 
polyhydric alcohol. Suitable plasticizers are triethylene 
glycol di-.(2«»ethylbutyrate) , triethylene glycol di-(2- 

20 ethylhexanoate) , triethylene glycol diheptanoate, 

tetraethylene glycol dihepatanoate, dihexyl adipate, 
dioctyl adipate, hexy 1 ' cyclohexyladipate , mixtures of 
heptyl and nonyl adipates, diiso.rionyl adipate, heptylnonyl' 
adipate > dibutyl sebacate, polymeric, plasticizers such as 

25 oil-modifiad sebacic alkyds, and mixtures of phosphates- 
and adipates as disclosed in U.S. No. 3,841>890 and 
adipates such as disclosed in U.S. No.' 4,144,217. Also 
mixed adipates made from C 4 to C 9 aldyl alteohols and cyclo 
C 4 to'C 10 alcohols as disclosed in U.S. No ; 5,, 013, 7 79. C 6 

30 -to C 8 adipate esters such as hexyl adipate and triethylene 
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* ■ 

glycol di-( 2-ethylhexanoate) are preferred plasticizers. . 

Plasticized PVB sheet at a noncritical thickness of about 

0.13 to 1 # 3 ram is formed by preferably (in commercial 

5 '• systems) extruding tfxe mixed formulation through a sheet 

die, i.e. forcing molten , plasticized PVB through a 

horizontally long vertically narrow die opening 

substantially conforming in size to the sheet being 

fopcmed, or by casting molten polymer issuing from an . 

10 extrusion die onto a die roll in close proximity to the 
* * * * * 

die exit to impart desired surface characteristics to one 

side of the polymer, when the roll surface has minute 

peaks and valleys, the side of the sheet contacting the 

roll will have a rough surface generally conforming to the 

15 valleys and peaks. Roughness on the other side can be 
provided jby the. design -of the extrudate die opening, as' 
. .shown, for example, in Pig. 4 of U.S. No. 4,281,980*. 
Other known techniques for producing a rough surf ape on 
one or both sides of an extruding sheet involve specifying 
• 2 0. and controlling one or more of the following: polymer 
molecular weight distribution, water content and 
temperature of the melt. ' These techniques are disclosed 
in U.S. Nos.'. 2,904,844; 2,909,810; 3,994,654; 4,575,540 
and European Patent No. 0185., 863. Embossing downstream of 

25 the extrusion die alsp roughens the sheet surface. As 
• known, this roughness is temporary to facilitate deairing 
during laminating after which elevated temperature and 
pressure during bonding of the sheet to glass melts it 
smooth, lamination to glass is according to generally 

30 known procedures. 
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The PVB sheet of this invention preferably also contains 
■ultraviolet light stabilizers. If used, the ultraviolet 
(UV) stabilizer will generally be present in; a range of 
about 0.01 to 1*0 percent by weight of the PVB, The 
5 preferred amount of UV stabilizer will vary depending on 
the stabilizer employed. Par example, "TiNUVIN 328" 
available from Ciba Speciality Chemicals', Basel, 
Switzerland has Been found to perform particularly well at 
a concentration of about 0 . 5 percent .- by weight of the PVB . 
10 • . , . * . 

The sheet of the invention optionally contains other 
additives in addition to those defined above to enhance 
various performance properties; these include 
antioxidants, adhesion control salts and the like. 

15 

As noted previously, this invention' is also, directed to a 
laminate of two sheets of. glass having the PVB sheet of. 
this invention disposed therebetween. The sheets of glass 
may be any type of glass so long as it- allows' for visible 

20 light transmission'. Such glass includes typical clear 
soda-lime glass, IR-ref lective coated glass or IR- 
absorbing glass, which are well known. See e.g., U.S. 

. . Patent No. 3,344,352 and U.S. Patent 3/ 652,303,- the- 
disclosures of both of which are incorporated by ■ 

25 reference. IR-absorbing glass is commercially available 
from peg Industries, inc., Pittsburgh, PA as "SOLARGREEN" 
glass and Pilkington PLC, St. Helens, UK - as "OPTJKQOL" 
glass, it is also possible to place IR reflective films 
on the outer surface of one. or both of the sheets of glass 

30 used in the laminate. 
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The laminate of this invention may include more* than one 
' sheet of PVB disposed between the two sheets of glass so 
long as the total amount of quaterrylimide in either one 
sheet. of PVB alone or in a plurality of PVB sheets is an 
5 IR-absorbing effective amount of quaterrylimide. it 

should be apparent that if a plurality of PVB sheets are 
used only one need contain the quaterrylimide. A laminate 
may contain a sheet of PVB containing quaterrylimide and a 
second sheet containing at least one inorganic IR-absorber 

10 such as previously described. In yet another embodiment 
of this invention the laminate may include an IR- 
reflective layer such as IR-ref lective polyethylene 
terephethalate (PET) layer. IR-ref lective PET films in 
PVB laminates are described in U.S. Patent No. 5,932,329 

15 and U.S. Patent No. S/ 091 ,258, the disclosure of both of 
which are incorporated by reference herein. Preferably 
the IR-re£lectlve PET film will be disposed between two 
PVB sheets , , An exemplary IR reflective coated PET film is 
"XIR"-75 from Southwall Technologies, Inc. r Palo Alto, CA. 

20 

Preparation of laminates of two glass substrates with one 
or more PVB sheet inner layers is well known to those 
skilled in the art. 

♦ • . 

25 Another embodiment of this invention is directed to post 
applied film products for visible transparent substrates, 
wherein the film product contains an infrared-absorbing 
effective amount of at least one 

quaterrylenetetracarboxylic diimide of formula I . The 
30 post applied film product of this invention may be applied 
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to architectural or automotive ■ glass for solar infrared 
control Or may be applied to display devices as a means of 
limiting the infrared output of such display devices. 

5 In addition to' the quaterrylenetetracarboxylic diimide of 
formula I , at a minimum, • the film product of this 
invention is comprised of at least one film substrate and 
a post application adhesive layer disposed on a surface of 
said film substrate to provide adhesion of the film 

10 product to a visibly transparent glass substrate. The 
film product' may also include a plurality of film 
substrates that have disposed therebetween a laminating 
adhesive . The film, product of this invention may also 
include one or more protective coatings disposed on the 

15 outer surface of the film substrate. As Used herein the 
outer surface of the film product is that which faoeB in a 
direction -oppoeite of the .surface Of the film product 
having the post application adhesive layer thereon. 

20 The quaterrylenetetracarboxylic diimide of formula I may 
be incorporated in one or more of the film substrate, the 
post application adhesive layer or when present, the 
laminating adhesive and/or protective coating of the film 
product. Typically, the film substrate used in the film 

25 product of this invention may be a polyester' film, such as 
polyethyleneterphthalate' (PET) or polyethylenenaphthalate 
(PBN), an acrylic film or a polycarbonate film. The post 
application adhesive layer may be an acrylic pressure 
sensitive adhesive - or a polyester based, adhesive. 

30 Similarly, the laminating adhesive, when used, may be a 
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polyester or acrylic based adhesive/ Of course , a 
laminated film product may have, film substrates that 
differ in composition and the laminating adhesive and post 
application adhesive need not be the same. If a 
5, protective coating is present it will generally be a. 
, polyacrylate* coating, most preferably a UV curable 
polyacrylate coating which. forms a hard scratch resistant 
coating. The preparation of film products having 
protective coatings is described in U.S. latent No. 
10 -4,557,980, the entire 'disclosure of which is incorporated 
by reference herein.' .The amount of 

quaterrylenetetracarboxylic diimide of formula I employed 
in the film product of this • invention to achieve infrared 
absorbtion is that 'amount which is effective to inhibit 
15 the transmission of infrared radiation through tl\e filin 
product 

•The following Examples illustrate and do not limit or 
restrict the invention. Amounts and percentages are in 
20 weight. 



PREPARATION OF TERT-ALKYLPHENOXY-SUBSTITUTED 
25 QUATERRYLIMIDES 

Example 1 

A mixture of 28. 6g (20 mmol) of a 1:1 mixture of 
30 N,N'-bis(2,6-diisopropylphenyl)-l, 6,8,11,16,18- 
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hexabrbmoq.uaterrylene,-3 , 4 : 13 , 14*tetracarboxylic diimlde 
and N/N'^bista^-diisopropylphenylJ-i^^^ll^lg^ig- 
hexabromoquaterrylene-3 ,4:13, 14-tetracarboxylic diimlde , 
32. 2g of para-tert-octylphenol, 9.95g of potassium 
5 carbonate and' 150ml of N-methylpyrrolidone was heated to 
95 °C for 10 h while stirring in" a nitrogen atmosphere. 

After, cooling down to room temperature, the precipitated 
reaction product was filtered: off directly, washed with a 

10 little ti-nie'thylpyrrolidone and subsequently Washed With 
water to neutral run-off. For purification- a tsclumn 
•filtration with silica gel as stationary and methylene' 
chloride as mobile phase was carried -out. After removal 
of the solvent, the final product was dried, at 100 °C. under 

15 reduced pressure. ■ 

This reaction led to the -complete replacement of the 
halogen atoms' by the- tert-alkylpherioxy radicals. 

20 The total yield was 31g (71%) of a 1*1 mixture of N,N' - 
bis ( 2 , 6-diisopropylphenyl ) -?1, 6 , 8 , 11 , 16 , 18-hexa (p-tert- 
octylphenoxy ) quaterrylene-3 , 4 : 13 , 14-tetracarboxylic 
'diiiiiide and N,« , -bis(2 r 6-diisopropylphenyl)- 
1,6,8,11,16,1 9-hexa ( p-tert-ocfy" lphenoxy > quater rylene- 

25 3 , 4 i 13", 14-tetracarboxylic diimlde. . 

Example 2 

A tert-alkylphenoxy-subBtituted quaterrylimide was 
30 prepared in a manner substantially similar to Example 1, 
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except that the potassium carbonate was replaced with 
13. 5g of potassium t-butoxide, the mixture included '2 00ml 
of N-methylpyrrolidone and was heated to 80°C for 4 h. 
The total yield was 28g (64%) of a 1:1 mixture of N,N'- 
5* ' bis ( 2 , 6~diisopropylphenyl) -1 , 6>8,ll f 16, 18~hexa(p-tert- 
♦ octylphenoxy )quaterrylene-3 , 4 : 13 , 14-tetracarboxylic 
• .diimides and N;N'-bis(2,6-diisopropylphenyl)- 
1,6,8,11,16, 19-hexa (p-tert-octylphenoxy ) quafcerryle.ne- 
3 f 4:13,14-tetracarboxylic diimide. 

10 

Example 3 

Example 1 was repe^tad by reacting 28.6 g of a lxl mixture 
. of N,M»-bis(2,6-diisopropylphenyl)-l>6,'8,H,16, . . 

15 18-hexabrorhoquaterrylene-3,4;13,14-teti^acafboxylic diimide 
and N,N , -bis(2,6-diisopropylphenyl)-l,6,8, 11, 
16 , lS-h^exabromoquaterrylene-S , 4 : 13 , 14-tetracarboxylic 
diimide with 2 0.6 g of p-tert-octylphenol 'and 6.9 g of 
potassium carbonate. 

20 

This afforded 27.6 g of a 1:1 mixture .of 
. N,N 1 -bis ( 2 , 6-diisopropylphenyl ) r 8 , 18-dibromo-l , 6 , 11 , 16-tet 
ra (p-tert-octylphenoxy ) quaterrylene-3 ,4:13, 
14-tetracarboxylic diimide and 

25' N, N ■ -bis ( 2 , 6-diisopropylphenyl ) -8 , 19-dibromo-l ,6,11,16- 
tetra(p-tert-octylphenoxy)quaterrylene~3 , 4 : 13, 14- 
tetracarboxylic diimide in the form of a dark green 

. . crystalline, powder, which corresponds to a yield of 71%. ■ 

30 In addition, the N-methylpyrrolidone mother liquor was 

V ■ 
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♦ 

diluted with four times the amount of a 1:1 mixture of 
methanol and water to afford 11 g (yield 25%) of the 1:1 
mixture of NrN'-bis^S-diisopropyiphenylJ-ljiSfS, ' 
11 r 16 f 18-hexa ( p-tert-octylphenoxy ) quaterrylene-3 , 
5 4:13, 14-tetracarbbxylic diimide . and 

N,N>bis ( 2 r 6-diisopropylphenyl ) -1 , 6 ,8 , 11, 16 r 19-hex& 
(p-tert-octylphenoxy) quaterarylerie*3 ,4:13, 
14-tetracarboxylic diimide of .Example. 1. 

10, Example 4 

» 

38.7 g of the 1:1 mixture of 

. . ^N'-bis^e-diisopropyl^henyl)-^, l8-dibroirio--l, 6,11, 16-tet 
ra(p^tert-octylphenoxy)<3uaterrylisne^3, f 4:13^14-tfetra-. • 

15 c&rboxyiic diimide and N r N , -bis<2 / 6-diiBoS>ropylphenyi) 
-*8, 19-dibrQifto-l,6, 11, l'6-tetra(p-tert-octylpherioxy) 
quaterrylane-3 , 4 : 13, 14-tetracarboxyLic3 diimide were 
reacted with 10.7 g of p-tert-octylphenol and 3,32 g of 
potassium carbonate in 170 ml of N-methylpyrrolidone' 

20 similarly to Example 1, except that the reaction time Was 
extended' to IB h., 

» * • 

This afforded 39.5 $ of a 1? 1. mixture bf N/N ' ^bis 
( 2 , 6-dii3opropylphenyi)~l , 6 , 8 > 11 , 16 / lB-hexa(p-tert- 

25 octylphenaxy)guaterrylene-3 / 4:13,14-tetracafboxylic 
• diimide and N,N'-bis(2, 6-diisopropylphenyl)-i,6,'8,ll,' 
16 , 19- , hexi(p-rtert-octyiphenoxy )gu^tOrfylene-3/4 1 1*3 , 14 -» 
tettfacarbqxyiic diimide in the £ csrm of * light green 
amorphous powder having a residual bromine content < 0.05% 

30 by weight, which Corresponds to 'a yield of 90%. 
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Example 5 

♦ 

* ♦ 

. The 1:1 mixture of N^-bis^, 6-diisopropylphenyl)-' 8,18- 
dibramo-1 , 6,11,16- 
5 tetra(p-tert-oatylphenoxy)quaterrylene-3', 4 ; 13 , 14- 
„ . tetracarboxylic diimide and 

N,M 1 -bis ( 2 , 6-diisopropylphenyl ) -8 , 19-dibromo-l ,6,11, 16- 
tetra(p-tert-octylphenoxy)quaterrylene-3,4 ; 13 , 14 -tetra- 
carboxylic diimide of Example 3 (hereinafter designated 

10 ■•la") was converted by dehalogenation into 
N,N 1 -bis ( 2 , 6-diisopropylphenyl ) -1 , 6 , 11 f 16- 
tetra(p-tert-octylphenoxy)quaterrylene.-3 ,4 ; 13 , 14- 
tetracarboxylic diimide. The ' dehalogenation was conducted 
' according to the following methods: 

15 \ t 

a) A mixture of 38.7 g of la and 600 ml of 
N-methylpyrrolidone was stirred under nitrogen and heated 
to 130°C, admixed with 6.75 g of potass ium tert-but oxide 
and maintained at 130°C for 1,5 h. 

20 ■ " 

After cooling down to room temperature, the reaction 
product was precipitated by adding the reaction mixture to 
2 liters of 5% by weight hydrochloric acid, filtered off, . 
washed first with 5% by weight hydrochloric acid to 

25 . colorless run-off and then with water to neutral run-off 
an4 dried at 100°C under reduced pressure. The' isolated 
reaction product was then subjected to column 
chromatography over silica gel using 1:1 toluene/hexane as 
mobile phase. 

30 • ' 
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This afforded 20,0 g of N,N'-bis(2,6- 
diisopropy lpheny 1 ) r- 1 , 6 , 1 1 , 16-tetra < p-tert- 
• octylphenoxy )quaterrylene-3 , 4 1 13., 14-tetracarboxylic 
diimide in the form .of a light green amorphous powder 
5 having a UV/VIS* spectroscopic purity of > 99% and a 

residual bromine content '< 0.01%> which corresponds to a 
yield of 56%. 

b) Example 5a) was repeated, except that 4.1 g of 

10 potassium carbonate was used as base instead of potassium 

, • « 

tert-butoxide » The. workup and purification were likewise 
carried out. similarly to Example 5a). This afforded 18.6 g 
.of N,N'-bis(2,6--diiteopropylphenyl)-l / 6,ll,16-tetra(p-tert- 
octylphenoxy ) guaterrylene-3 > 4 : 13 , 14-tetraoarbpxylic 
15 diimide' in the form of a light green amorphous powder 

having a -purity of > 99.5% arid a residual bromine content 
of 0.00%, which corresponds to a yield of. 52%. 

c) A mixture of 38.7 g of la, 3.8 g of sodium 
20 borohydride, 0,46 g of tetrakis 

(triphenylphosphine)palladium(O) and 600 ml of dioxarie- was 
heated to 60°G for 48 h while stirring .in a nitrogen 
atmosphere. 

25 After cooling down to room temperature, excess hy<Jride was 
degomposed by gradual addition of 10 ml of .water. ■ The' 
rest of the workup and purification were carried out 
similarly to Example 5a. 

30 This afforded 21.7 g of N,N'-bis(2,-6-diisOpropylphenyl)- 
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» 

1, 6, 11, l6-tetra(p-tert-octylphenoxy)quaterrylene~ 
3,4: 13, 14~tetracarboxylic diimide in the form of a light 
green amorphous powder having a purity of > 99% and a 
residual bromine content of 0.00%, which corresponds to a 
5 .yield of 61%. 

d) A mixture of 38.7 g of la, 3.8 g of sodium 
borohydride, 0.46 g of tetrakis 

{ tripheny Iphosphine ) palladium (0) snd 1000 ml of 
10 acetonitrile was heated tp 69 °C for 27. hours while 
stirring in a nitrogen atmosphere. 

The rest of the workup and purification were carried out 
$ similarly to Example -5c. 

15 

The yield was 29. lg (82%) of N,N'-bis (2,6- 
diisopropylphenyl) -1, 6, 11 , 16-tetra(p-tert- 
octylphenoxy)quaterrylene-3,4: 13, 14-tetracarboxylic 
diimide with a purity of > 99% and a residual bromine 
20 content of 0.00% 
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PREPARATlOtt OF PVB SHEET CONTAINING QUATERRYLIMIDES 
Example 6 

5 The following were charged to a vessel which was then 
heated to 50°C and stirred for 1 hour. 



10 



15 



20 



25 



30 



Component 

N,N ■ -bis ( 2 , 6-diisopropylphenyl ) 
quaterryleiiB-3 , 4 : 13 , 14-teti?ia<5arbofcylic 
diimide IR-absorber 

triethyleneglycol di-2-ethylhexanoate 

Tinuvin benzotriazole derivative 
(UV absorber) from Ciba Geigy Co. 

magnesium 2 -ethyl butyrate 



Amount (am) 
0,63 

B55 

15.8 ' 
2.8g • 



Than 2250g PVB resin from Solutia Inc. as Butvar B-79 w£s 
added and stirrihg was continued for about one ml'n. to 
form a prSMix' 1 'dlu*ry^' sl ^ ■ 



The premix slurry was extruded using a Model KL-125 
extruder (Killion Extruders, Inc.) with a single-screw 
configuration and. a 1.25 inch (3.18 cxri) screw diameter. 
The barrel temperature was maintained between 180 to 
200°C. A seveh* incli- .'(.17-78 cm) wide slit die having a 
0.029 inch (0.074 cm) gap and a die temperature of 190 °C 
was used. As the polymer film exited the die it was 
quenched in a water bath at 14°C and was pulled by a 
roller which was speed controlled to result in a 
plastici2ed PVB interlayer sheet about 30 mil (0.76 mm) 
thick containing the quaterrylimide defined above 
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uniformly dispersed throughout the' formulation of the 
sheet. 

The plasticized PV3 interlayer sheet was interposed 
5 between 2 layers of clear float glass (?PG Industries, 
inc.)/ each having a thickness. of 2.1 mm, and the 
combination was placed in an autoclave where it was. 
exposed to 135 °C and 12 kg/cm 1 pressure for about 60 
minutes to form a glass laminate having' visible light 
10 transmitting and. infrared light absorbing properties . 

Example 7 1 ■ 

t A PVB sheet and laminate thereof were prepared in a 
15 manner similar to .Example 6, except the quaterrylimide 
was ■ replaced with 0.945 grams of a 1:1 mixture of N,N 1 - 
bis(2 r 6-diisopropylphenyl)-l, 6, 8, 11,16, 18~hexa(p~tert- 
octylpherioxy ) quaterrylene-3 ,4:13, 14-tetracarboxylic 
diimide and N/K' ^bis (2, 6-diisopropyiphenyl)- 4 , 
20 1,6,8,11,1$, 19 -hexa ( p-tert-octylphenoxy ) quat errylene- 
3, 4; 13, 14-tetracarboxylic diimide. 

Example 8 

♦ 

25 A PVB sheet and laminate thereof were prepared in a 
manner similar to Example' 6, except the quaterrylimide 
was replaced with 

1.575 grams of N,N r -bis(2, 6-diisopropylphenyl) - 
, 1,6, 11, 16-tetra( p-tert-octylphenoxy )quaterrylene- 
30 3,4: 13 , 14-tetracarboxylic diimide. 
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• Example- 9 

A glass laminate was prepared in a manner similar to 
Example 7 except the interlayer was comprised of both' a 
5 sheet of EVB containing the quaterrylimide as described- 
. in Example 7 in combination with - a PVB sheet containing 
100 nanometers or less doped .metal oxide particles. 

Ultraf ine particles Of - antimony tin oxide were obtained 
10 from Sumitomo Osatea Cement Co« Ltd. , 1 Mitoshiroaho, 
Randa, Chiyoda-ftu, Tokyo, Japan, ' These particles were 
<Q.lfj>m, preferably 0.05/^an, diameter or less in size, and 
are believed prepared according to working Example 1 of 
Japanese Laid-Open Patent Application . (Kokai) No. 
X5 8-217500 dated August 27, 1996 , of. Sumitomo Osaka 

Cement, the disclosure ..of such Kokdi being incorporated 
herein by £efetence. : Ahtiihony, tin oxide powd^ac of 
particle size <(K05/an is also available, from Nanbphase 
Technologies Corp,, 453 Commerce St./Butr Ridgfe, IL, 

20 

More particularly, as disclosed in thepbted Kokai , 
antimony chloride (SbCl 3 ) and hydrated tin chloride 
. (SnCl 4 .5H 3 (5) are dissplved in hydrochloric acid solution 
to which is then added 25% ammonia solution and the 

25 mixture, allowed to fceact. The Resulting sol-like 

dispersion is filtered* and washfed to remove ammonium' 
chloride and in a, sealed vessel heated to and kept at 
350°C for 5 hours after which., steam is released . . 
resulting In cooling and a concentration of the 

30 contents to 25% solids dispersion of .antimony tin oxide 
with an average particle diameter of about 0.05/^ 
<5'00&) . Octadecylamine flocculant is added to the 
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dispersion to form a flocculated precipitate which is 
filtered and dried at 100 °C for 2 hours to yield a 
. powder which is tin oxide (Sn02) doped with about 9-10 
weight percent (wt. %)' antimony oxide (Sb a o 3 ), 
5 hereinafter sometimes abbreviated ATO, 

* , « 

.The ATO powder was mixed ' with and dispersed in toluene 

using an ultrasonic disper^er. A minor amount 

(believed to be about 3 weight parts) of a 10% toluene 

10 solution of an. anionic surfactant 'was added to and ' 
thoroughly mixed with the dispersion of the ATO 
particles. The surfactant functions to prevent excess 
agglomeration of the ATO particles, .which after ;' 
incorporation into the formulation of the PVB sheet In 

15 the absence of the surfactant could lead to excess 

undesirable haze' in ,the finished glass laminates/ 115 
weight parts triethylene glycol d-i-2-ethyl hexanoate 
(3GEH) plasticizer- was' then added and the mixture was 
distilled under reduced pressure for 15 minutes at 95°C 

20 to remove toluene. The liquid remaining, is a 20% 
concentrate of ATO uniformly dispersed in 3GEH 
. .plasticizer . 

The concentrate was further diluted with 3GBH to form a 
25 0.8 wt.% diluted dispersion which wap mixed with PVB 
resin from Solutia Inc. as Butvar B-79 and the other 
additives in amounts as follows: 

19.152 gms - diluted ATO dispersion 

30 0.062 gms magnesium di-2-ethyl butyrate 

50 gms - PVB resin 

0.173 gms - Tinuvin UV absorber 
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A PVB sheet was compassion molded- from the above 
^formulation and a four layer (glass-PVB-PVB-glass) 
glass lafninate containing, such sheet was formed. 

5 The glass, laminates of Examples 6-9 were tested 
according to the following procedures. 

Results are, in Table I following, 

10 1) * Visible* Light TfcAnstodttance (Tv) - % light 

transmission over the visible wavelength range of 380 
to ,780 'nanometers, (nm) measured- according to 
International* Standards Organization* (ISO) Designation 
9050; 1990(B)/ in illuminant D65,' 10 degree observer. 

,15 

2) Solar Direct Transmittarice (Ts) - % solar energy 
transmittance ,bv k et . the. spectral.. range* pfi 350, .to. 2100 
nanometers measured according to ISO Designation 9050: 
1990 (E) using Air Mass 2 solar spectral distribution. 

20 

3) Puinmel .Adhesion' (no units) measures PVB shfeet 
interlayer adhesion .to glass. Prepare two ply .glass 
laminates as recited above , condition to minus 1 17 °C and 
manually pummel each with a, 1 pound (454 g) hammet to 

25 break the glass. Remove all' broken glass unadhered to 
the PVB sheet. . Visually compare glass left adhered to 
, the sheet with a. set of standard's . of known pummeil 
scale, the- higher the number of the standard, the more 
glass remaining . adhfcred to the sheet - i.e. at pummel 

3.0 zexq .no gl'&ss id adhered and at pummel 10 100% of. the 
sheet surface is adhered. Desirable impact dissipation 
occurs at a puxnmel Adhesion value of- 3 to 7. At less 
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than 3 too much glass is lost whereas at more than 7* 
« adhesion is generally too high and shock absorption 
poor.' 

5 4) Haze {%) - according to ASTM Designation D1003-97 
- Procedure A using a hazemeter. Values < 3% 
considered acceptable, 

10 TABLE 1 

Example (Absorber cone • ) TV TS Pummel Haze 
(wt %) Adhesion % 

6 . 0.020 , 70 53' 4 ■ . N/A 

7 0,030 79 55 -5*. 1.50 " 
15 8' . 0.050 72 44 6, 0-6 

9 0. 030/0.22* 71 43 5/8** 0,73 



20 



* concentration of quaterrylimide'- and ATO, 
respectively 

** pummel adhesion measured on each sheet 
Example 10 



25 



A pvb sheet and laminate thereof are prepared in a 
manner similar to Example 6, except the quaterrylimide 
is replaced with 1.575. grams of N,N'-bis (2, 6- 
diis opropylphenyl ) tetra ( 4-tert-butylphfenoxy ) 
30 quaterrylen£-3,4:l3,14-tetracarboxylic diimide. 

Example 11 

A PVB sheet and laminate thereof are prepared in a 
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manner similar to Example 6,- exaept the quaterrylimide 
is replaced with 0.63 grams of N,N' -bis (dodecyl) 
quaterrylene-3, 4 : 13 , 14-tatr.aoarboxyIic diimide. 

5 Example 12 

A PVB sheet and laminate thereof are prepared In a 
manner similar to Example 6, except the quaterrylimide 
is replaced with CL63 grams of N,N' -bis (cyclohexyl) 
10 quaterrylene-3 , 4 : 13 , U-tetracarboxylic diimide - 

COtORANTS ADDED TO A £VB SfcEET CONTAINING 
QOATEKRYLIMIDBS ' 

Example 13 

15 An.IR absorbing dye was added to a PVB sheet that was 
prepared 'in a manned similar to Example 8, except that 
the. ,IR absorber concentration was/ 0 . 032 .wt.% of the 
total weight of the sheet. Pigments were also added. 
C.I. pigment blue 15 was added at a concentration of 

20 0.00128 wt,i and C.I. pigment red wals ♦ added at a 

concentration of 0.0003B wt.%. Thp concentrations are 
based upon, the total weight of, the sheet.- A green 
color was pfoduted by including the colorants. The ' 
green colored PVB sh&et was placed between two. clear 

25 glass sheets forrtling a grefen colored laminate. Each 
clear glass sheet had a thidkness in the range of 2.1 
to 2.3 mm. ' Using the' dIELAB system, the green colored 
laminate had L* f a*, and b* coordinates that were 
determined to be: 

30 L*' ^ 87.6 f a* » -20, 0, and to* - 2.0. 



10/27/2009 TUE 11:55 [TX/RX NO 6060] ©078 



2009-Oct-27 12:07 PM Connolly Bove Lodge & Hutz 202-331-7111 79/100 
WO 02/077081 PCT/US02/08687 

ft 

-48- 

Example 14 

An IB, absorbing dye was added to a PVB' sheet that was 
prepared in a manner similar to Example 8, except that 
the IR absorber concentration was 0.0435 wt.% of the 
5 total weight of the sheet. Pigments were also added, 
C.I. pigment blue 15 was added at a concentration of 
0.0031S wt.%, along with C.I. pigment red 209 at a 
concentration of 0 . 01867 "wt . %■, and carbon black at a 
concentration of 0.00050 wt.%. All concentrations are 
10 based upon the total weight of the 'sheet. A gray color 
'was produced by including the colorants. The PVB sheet 
was placed between two clear glass sheets forming a 
gray colored laminate. Bach clear glass sheet had a 

thickness in the range of 2.1 to 2.3 mm. Using the 

» 

15 CIELAfe System r the L*, a*, and b* coordinates were 
determined to be: 

. 1*. * 73.1, a* o, -2.8, and b* - -3,8, 
for the gray colored laminate. 

20 

.The preceding description is for illustration and 
should not be taken as limiting. .Various modifications 
and alterations will be readily suggested to persons 
skilled in the art. It is intended, therefore , that 
25 the foregoing be considered exemplary only and that the 
scope of the invention be ascertained from the 
following claims. 
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IN THJB CLAIMS: 



1. Plastiaized polyvinyl fc>utyral shest containing an 
infrared-absorbing effective, amount of at least one 
quaterrylenetetracarboxylic diimide infrared-absorbing 
additive dispersed therein of formula I; 




wherein 



R and R' are independently Cj-C 3Q -<alkyl whose carbon 
chain optionally is interrupted by onfe or hiore of -0-, 

-MR 1 -, -CO- and/or -S0 2 - and which optionally is 
monosubstituted or' polysubstituted by cyano, 
C F -al3coxy or a 5-, 6- or 7 -member ed heterocyclic radical 
which is attached via a nitrogen atom and which 
optionally contains additibrial heteroatorns and 
optionally is aromatic; 

C 5 ~C a -cyclbalkyl whose carbon chain may be interrupted 
,by one or more groups selected from the group 
consisting of -0-, ' -S-, -MR 1 -; -CO- and/or -S0 2 - and 
which may be monosubstituted or polysubstituted by C 2 - 
C 6 -alkyl; or 

aryl or hetaryl, each of which optionally is 
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» * 

monosubstituted or polysubstituted' by C l -C 18 -alkyl / 
C^Cf-alkoxy, cyano, -CONHRfr ~NHCOR 2 and/ or aryl- or 
hetarylazo, each of which optionally is substituted by 
C r -C 10 -alkyl, C^-Cg-alkoxy or halogen, where 

R x is hydrogen or Cj-Cj-alkyl; and 

R 2 is hydrogen; C^-C^-alkyl j aryl or hetaryl, 
. each of which optionally is substituted by 

C^Cs-alkyl, C^Cfi-alkoxy, halogen Cx cyano; 

X is independently halogen; C^C^-alky!, aryloxy, 
arylthio, .hetaryloxy or 'hetarylthio, each of which- may 
be substituted by C t -C 4 alkyl, or Ci-C^-alkoxy; or 




where 

R 3 is Ci-C^alkyl, whose carbon chain may be 
interrupted by one or more groups selected from 
the group consisting of ~S-, -NR 1 -, -CO- 

and/or -S0 2 - and which may be monosubstituted* or 
polysubstituted by C^Cg-alkoxy or by a 5- to 
7-membered heterocyclic radical which is attached 
via , a riitrogen atom and may contain further 
heteroatoms and be aromatic; or 
c s -C e -cycloalkyl whose carbon chain may be 
interrupted by one or more groups selected from 
the group consisting of -0-, -S-/ -NR 1 -, -CO- 
and/ or -S0 2 - and which may be monosubstituted' or 



10/27/2009 TUE 11:55 [TX/RX NO 6060] 0081 



2009-Oct-27 12:07 PM Connolly Bove Lodge & Hutz 202-331-7111 82/100 
WO 02/077081 PCT/OSO2708687 

-51- 

polysubstituted by C^Cs-alkyl; 
and p is from 0-16. 

2, The sheet of claim 1, wherein X is independently 
chloro, bromo or 




3, The gheet of claim 1, wherein X is 




4. The sheet of claim 1, wherein p is 0, 

♦ 

5. The sheet of claim 3, wherein R 3 is selected from- 
the . group consisting of-: 

methyl, ethyl, propyl, isopr'opyX, butyl/ isobutyl, 
tert-butyl, pentyl, isopentyl, neopentyl, .hexyl, 2- 
.methylpentyl-, tert-pentyl, heptyl, 1-ethylpentyl, . 
octyl,, 2-ethylhexyl and isooctyl; 

2-methoxyethyl, 2-ethoxyethyl, 2-.propoxyethyl, 2- 
isopropoxyethyl, 2^-butoxyethyl , 2» and 3-methoxypropyl, 

2- and 3-ethoxypropyl , 2- and 3. T propoxypropyl, 2- and 

3- butoxypropyl, 2- and 4~methoxybutyl , 2- and 4- . 
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ethoxybutyl, 2- and 4-propoxybutyl, 3, 6-dioxaheptyl, 
3,6-dioxaoctyl, 4 , 8-dioxanonyl, 3 , 7-dioxaoctyl, 3/7- 
dioxanonyl, 4 ,7-dioxaoctyl, 4 ; 7-dioxanonyl f 2- 1 and 4- 
■ butoxybutyl, 4, 8-dloxadecyl, 3, 6,9~trioxadecyl and • 
3 , 6 , 9 - tr ioxaundecy 1 ; 

2-methylthioethyl, .2-ethylthioethyl, 2-propylthioethyl, 
2~isopropylthioethyl, 2-butylthioethyl , 2-- and 3- 
methy lthiopropyl , ,2- 'and 3-ethylthiopropyl r 2- and 3- 
propylthiopropyl , 2- ,and 3-butylthiopropyl, 2- and 4- 
• • methy Ithiobutyl , 2- and 4-ethylthiobutyi , 2- and 4-' 
propylthiobutyl, 3, 6-dithiahaprtyl, 3, 6-dithiaoctyl, 
4, 8-dithianor>yl f 3 , 7-rdithiaoctyl, 3 f 7-dithianonyl, 4,7- 
dithiaoctyl, 4 ,7-dithianonyl, 2- and 4 -buty Ithiobutyl, 
4,8-dithiadecyl, 3 , 6, 9Tt:rithiadecyl and 3,6,9- 
trithiaundecyl j 

2-monomethyl- and 2-mon6ethylaitiinoetIiyl, 2- 
dimethylaminoethyl, ' 2- and 3-dimethylaminopropyl, 3- 
monoisopropylaminopropyl, 2- and 4- 

monbpropylaiuinobutyl, 2-. and 4-monomethylaminobutyl, 6- 
. methyl- 3/ 6-diazaheptyl, 3,6-diroethyl-3, 6-diazfcheptyl, 
3^ 6-dlaaaoctyl, 3, 6 -dimethyl-- 3 , 6-diazaoctyl,- 9-methyl- 
3 , 6,'9-tiriazadecyl r 3, 6 , 9-trimethyl-3 , 6 , 9-triazadecyl, 

3, 6, 9-triazaundecyl and 3,6, 9-trimethyl-3 r 6,9- 

* * * 

tria2aundecyl; 

, ♦ 
propan-2-on-l-yl, butan-3-on-l-yl , butan-3-on~2-yl and 
2-ethylpefttah-3-on-l-yl; 

2-inethylsulf onylethyl, 2-ethylsulf onylethyl, 2- 
propylsuifonylethyl, 2-isopropylsulf onylethyl, 2- 
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butyleulfdnylethyl, 2- and 3 -methyl Bulfonylpropyl, 2- 
and 3-ethyl6ulfonylps:opyl r 2- and 3- 

propylsulfohylptopyl, 2- and 3-butylsulf ony lpropyl , 2- 
and 4-methylsulfionylbutyl, 2- and 4-ethylaulfonylbutyl, 

2- and 4r-propylaulf onylbivtyl and 4-butylsul£onylbutyl; 

methoxy, ethoxy, propoxy, isopropoxy> butoxy, 
isobutoxy, sec-bu'toxy, tart-butoky, pentoxy, 
isopentoxy, neope'iitoxy, tert-peintoxy and hexoxyj 

cyclojpeiityl , '2+ and 3-methylcyclopentyl, 2- ahd 3- 
. ethyl eyclopeiityi, cycliqhexyi/ 2-, 3- and 4- . 
methylcycioh^xyl, 2-, 3- and 4-ethylcyclohexyi, 3- and 
4-propyicyclohexyl, 3- arid 4-isopropylcyclohexyl, 3- 
and 4-butylcyclohexyl, 3-' and 4^sec7butylcycldhtexyl, 3- 
and 4-tert-butylcyclohexyl, eycloheptyl, 2- r '3— and 4- 
itiethylcycloheptyl, 2-," 3- and-- 4-ethylcycloheptyl, 3- 
and 4-p*dpylcycloheptyi, 3- ahd 4-iaopropylpycloheptyl , 
3* and 4-butylcycloheptyr, 3- and 4-gec- 

♦ 

butylcycloheptyl, 3- and 4-tfert-butylcyc?,oheptyl, ■ 
cyclooetyl, 2-, 3*-,' 4- ajid 5-methyl6yclooctyl, 2-, 3-, 
4-^ and 5-ethylcyclooctyi, 3-/ 4*- ' arid 5- 
j pr opylcydlobcty X , 2^dioxattiyl/ 4-morphoiinyi , / ' 2- add 3- 
tetrahydrofuryi, i-, 2^ and 3-pyrrolidihyl arid 1-, 2-, 

3- and 4-piperidyi. 

6* The sheet of claim 3, wherein R 3 is selected from 
the group consisting oi methyl, ethyl/ pr6fc>yl/ n-butyl, 
tert-butyl, cyclopentyl, cyclohexyl, eycloheptyl, 4- 
morpholi'nyl or mixtures 'thereof . 

7«. The sheet pf claim 5/ wherein R and R' are- 
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independently selected from the group consisting of 5 

C 6 -C 30 -alkyl whose carbon chain may be interrupted by 
' one or more groups selected from the group consisting 
'•of ~0- r -S-, -NR 1 -, -CO- and/or ~S0 2 - and which may be 

monosubstituted or poly substituted by C x -C 6 -alkoxy or by 
' a 5- 'to 7-membered heterocyclic radical which is 

attached via a nitrogen atom and may contain further 

' heteroatoms and be aromatic; 

♦ 

C 3 -C B -Qycloaikyl whose carbon chain may be interrupted ■ 

by one or more groups .selected from the group 

♦ • * 

consisting of . -6-, -S-, -nr 1 -, -CO- and/or -SO a - and 
which may be monosubstituted or p6ly substituted by 
C$-alkyl; and 

aryl or hetaryl which may be monosubstituted or 
•po^ysubstituted by Ci-C^-alkyl, Ci-Cg-alkoxy,- cyano, 
-CONH-R 1 and/or -NH-COR 1 . 

8. The sheet of claim 1, Wherein R is 2,6- 
diisopropylphenyl - 

9, ' The sheet of claim 1, ' wherein • said sheet is 

* further comprised of an infrared-absorbing effective' 
amount of an inorganic infrared- absorbing additive* 

10 t , The sheet of claim 1, wherein said sheet further 
comprises an ultraviolet light stabilizer. 

11. The sheet of claim 1, wherein said sheet further 
comprises a colorant, 
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12. fch6et of claiim 1, wh&reih g'kid Sheet exhibits 

t 

a color selected from the group consisting of green and. 
gray, 

wherein said green color is defined by the Cielab 
system, having an L* value from about 76.0 to about 
94.0, an a* value frfim about -38.0 to about -8-0, and a 
b* value from about -5.0 to about 7.0, ahd 
wherein said gray color is defined by the ClfiLAB 
system, having an L* valuta from about 59.0 to about 
87-0, an a* value from about -7.0 to about 3.0, and a 
b* Value fjfom about -8.0 to about 2.0. 

13. 'PlaSticized polyvinyl butyral ^hefet containing an 
infrared-absorbing effective atnouht of at least one 
tert-alkyphenoxy-substituted quaterrylenetetra- 
oarboxylic diimide infrared absorbing additive 
dispensed therein of formula II: ' 




n 

n 



where 

' Q is a-N^-disubstituted quaterrylerie-3,4:13,14~ 
tetracarboxylic diimide radical; 

R a is C^-C^alky 1 , whose -carbon chain may be 

interrupted by one or more groups selected from 
the group consisting o£ -.0-, -S-, -NR 1 -, -CO- . 
and/or -S0 2 - and which may be monosubstituted or 
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polysubstituted by d-Cj-alkoxy or by a 5- to 
7-membered heterocyclic radical which is attached 
via a nitrogen atom and way contain further 
. heteroatoms and be aromatic; or 

C 5 -C B -cycloalkyl whose carbon chain may be 
interrupted by one or more groups selected from 
the group consisting of -0-, -S-, -NR 1 -, -Co- 
and/or -S0 2 - and which may be monosubstituted or ' 
polysubstituted by C x -C 6 -alkyl; 

Hal is chloro and/or bromo; 

m is from 0 to 15; and 

n is £rom 1 to 16, subject to the proviso that the 
sum m + n is & 16. 

14, The sheet of claim 13 , wherein said sheet exhibits 
a color selected from the group consisting of green and 
gray, 

wherein said green color' is defined by the GIELAB 
system, having an L* value from about 76.0 to about 
94.0, an a* value from about -38*0 to about -8.0, and a 
b* value from about -5.0 to about 7.0, and 
wherein said gray color is defined by the CIEL&B 
system, having an L* value from about 59.0 to about 
87.0, an a* value from about -7.0 to about 3.0 f and' a 
b* value from about -8.0, to about 2.0. 

15. A multilayered plasticized polyvinyl butyral sheet 
having (a) a first sheet containing an infrared- 
absorbing effective amount of at least one 
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quaterrylenetetracarboxylic diimide infrared absorbing 
additive dispersed therein of formula I: 



I 




x p 



wherein 

B and R' .are independently C^Cao-alkyl whofee carbon 
chain optionally is interrupted by one or more of -0-, 

-NR 1 -, -CO- and/o±? -SO*- and which optionally is 
inonoBu^stituted or polysubstituted by cyano, C x .- 
C 6 -alkoxy or a 5-, 6- or 7-membered heterocyclic radical 
which is attabhed via $ nitrogen atom and which 
optionally Odntaitfs additional hetetfoAtoiufc ahd 
optionally is aromatic; 

C 5 -d B -cycjl(Jalkyl whose carbon cfihaifr may be interrupted 
by one or more groups selected from the group 
consisting of -S-, -NR 1 *-' # -CO- and/o* -S0 2 - and 

which may be iflbnosubstituted oi^ pblysubstituted by 
C^Cf-alkyl; 6r 

aryl or hetaryl, each of which optionally is 
monbsubstituted or polysubstituted 'by C 1 -C 1B -alkyl f 
Ci-C 6 -alkoxy r cyafto, -CONHR% -NHCOR* and/or aryl- or 
hetarylazo, 6ach of which , optionally is substituted by 
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Ci-CiQ-alkyl, C x -C 6 -alkoxy or halogen, where 
R 1 is hydrogen or C x -C 6 -alKyl; and 

R 2 is hydrogen; ^-C^alkyX j aryl or hetaryl, each 
of which optionally is substituted 4 by Ci-Cg-alkyI, 
Ci-Cj-alkoxy, halogen or cyano; 



X is independently halogen; Cx-C 18 -alkyl, aryloxy, 
arylthio, hetaryloxy or het arylthio, each of which may 
be ' substituted by C^-C^alkyl, or Ci-C^-alkoxy ; or 




where 

R 3 * is C x ^C 8 -alkyi; whose carbon chain may be* 

* interrupted by one or more groups selected from' 
the group consisting of -0-, -S-, -NR X -, -CO- 
and/or -S0 2 - and which may be monosubstituted or' 
polysubstituted by C x -C fl -alkoxy or by a 5- to 
7-membered heterocyclic radical which is attached 
via a nitrogen atom and may cotitain further 
. heteroatoms and be aromatic ; of 
C 5 -C 8 -cycloalkyl whose carbon chain may be 
interrupted by one or more groups selected from 
the group consisting of -0-, , -S-, -CO- 
and/or ~S0 2 - and which may be monosubstituted or 
polysubstituted by C x -C 6 -alkyl; 

and p is from 0-16; and 
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b) a sectmd sheet having an infrared-absorbing 
effective amount of •. an inorganic inf rared- absorbing 
additive. 

16. The sheet, of claim 15, wherein said sheet exhibits 
a color selected from the group consisting of: green 
and gray, ■ 

wherein said green color is defined by the CIELAB 
system, having an L* valufe from about 76.0 tb about 
94.0, an a* value from about -38 .0 tb about -8:0, ctnd a 
b*" value from about -5.0 to about 7,0, and 
wherein said gray color is defined by the CIELAB 
system, having an L* value from about 59,0 to about 
8 7.0, an a* valine £rom about -7.0 to about 3,0, and a 
b* value from about -8.0 to- about 2.0. 

17 „ The sheet of claim 15 , wherein the inorganic 
infrared-absorbing additive is lanthanum he.xaboride. 

18. A laminate having visible light transmitting and 
infrared light absorbing properties comprising tvo 
glass sheets with ,a plast^cized polyvinyl butyral sheet 
between the sheets of glass, said plasticizeci polyvinyl 
butyral sheet containing an infrared-absorbing 
effective amount of' at least one 

quaterrylenetetracarboxylic diimide infrared-absorbing 
additive dispersed therein of formula 1; 
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I 




wherein 



R and R' are independently Ci-C^-alkyl whose carbon 
chain optionally is interrupted by one or more of -0-, 
-<S~, -NR 1 -, -CO- and/or -S0 2 - and which optionally is 
monosubstituted or 'polysubstituted by'cyano, c x - 
C 6 -alkoxy or a 5-, 6- or 7-membered heterocyclic radical 
which is -attached via a nitrogen atoia and which * 
optionally contains additional heteroatoins '>and 
• optionally is aromatic; , * 

C a -C e -cycloalkyl whose carbon chain may be interrupted • 
by one or more groups selected from the group 
consisting of -S-, -NR 1 -, -CO- and/pr -S0 2 - and 

which may be monosubstituted or polysubstituted by C L - 
C 6 -alkyl; or 

aryl or hetaryl, each of which optionally is 
monosubstituted or polysubstituted by Ci-C^-alkyl, 
C 1 -C 6 -alkoxy, cyano, -CONBR 2 , -NHCOR 2 and/or aryl- or 
ftetarylazor each of which optionally is substituted by ' 
Cx-Cio-alkyl^ C x -C 6 -alkoxy or halogen , where 
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R 1 is hydrogen or C x -C 6 -alkyl; and 

R 2 is hydrogen; d-Cu-alkylj aryl or hetaryl, each 
Of which option-ally is substituted by C 1 -C € -alkyl / 
C^d-alkoxy, halogen or cyano; 

X is independently halogen; X^C^-alky!, aryloxy, 
arylthio, hetaryloxy or hetarylthio, each of which may 
be substituted by C 4 -C 4 -alkyl f ox 1 C x -C 18 -alkoxy ; or 




where 

R 3 is C^-Cj-alkyl, whose carbon chain may be 

interrupted by one or more groups selected from 
the group consisting of -S~, -NR 1 -, -GO- 

and/or -S0 3 - and which may be monosubstituted «or 
polysubstituted. by C^Cg-alkOxy or by a 5- to 
^jhembered heterocyclic* radical which is attached 
via a nitrogen atom and may contain further 
het&roatoms and be aroriiatifc} or 
C5-C e -cycloalkyl whose carbon chain may be . 
interrupted by one or more groups selected from . 
the group consisting of -6-V -^NR 1 -/ -CO- 

and/or -S0 3 t and which may be itionosubstituted or 
polysubstituted by C x -C e -alkyl; ' 

and p is from .0-16. 

19. The laminate of claim 18 , wherein said laminate 
exhibits a color selected from the &r6up .consisting of; 
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green and gray, 

wherein said green color is defined by the CIELAB 

system , having an L* value from about 76.0 to about 

94. 0, an a* value from about .-38.0 to about -8.0, and a 

b* value from about -.5*0 to about 7..0, and 

wherein said gray color is defined by the CIELAB . 

system, having an L* value from about 59*0 to about 
» • * 

87.0/ an &* value from about -7.0 to about 3.0v and a 

b* value from about r8-0 to about 2.0. 

20. The laminate of claim Iff, having a plasticized 
polyvinyl butyral sheet thickness of about 0.76 mm, 
more than .70% visible light . transmittance and less than 
45% direct solar transmittance measured according to 
ISO designation 9050:1990 (E) using Air Mass 2 solar 

.spectral distribution. 

21. The laimiiiate of claim 18, further comprising a 
second sheet of plasticized polyvinyl butyral sheet . . 
disposed between said sheets of glass , wherein said 
second sheet of plasticized polyvinyl' butyral sheet 
contains an infrared-absorbing effective amount of 4 at 
least one inorganic infrared-absorbing additive, 

22. The laminate of claim 21 , wherein the inorganic 
infrared-absorbing additive is lanthanum hexaboride. 

23. The laminate of claim 18, wherein at least one of 
said glass sheets is an infrared absorbing glass sheet, 

24. The laminate of claim 18/ further comprising a 
second sheet of plasticized polyvinyl butyral sheet 
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disposed between said sheets of glass and ah infrared 
reflective layer disposed between said sheBtB of 
plasticized polyvinyl butyral. 

25. The laminate of claim 18, wherein at least one 
of said glass sheets is an infrared reflective coated 
glass. 

26. Plasticized polyvinyl butyral sheet containing an 
infrared-absorbing effective amount of at least one 
tert-alkylphenoxy-substituted guaterrylene 
tetracarboxylic diimide infrared absorbing additive 
selected from the group consisting of N,N'-bis(2, 6- 
diisopropylphenyl ) -1, 6 ,11, 16--fcetra(p-tert-ootylphenoxy ) 
guaterrylene-3 , 4 : 13 , 14-tetracarboxyii'c diimide , • - 
bis ( 2 , 6-diisopropylphenyl ) -1 , 6 , 11 , 16- 
tetraphenoxyquaterrylene-3 ,4:13, 14-tetracarboxylic 
diimide, N,N , -bis(2 > 6-diisopropylphenyl)«- 
1,6,8,11,16, 19 -hexa ( p-tert-octylphenoxy ) quaterrylene- ' 
3,4:13, 14-tetracarboxylic diimide, N,iT-bis(2,6- 
diisopr'opylphenyl) -1 ,6,8,11,16, 18-hexa( p-tert- 
octylphenoxy) quaterryierie-3 , 4 : 13 , 14-tetracarboxylic 
diimide or a mixture thereof.- 



27. The sheet of claim 26, wherein said sheet exhibits 
a color selected from the group consisting of: green 
and gray., 

wherein said green color Is defined by the g-eelab 
system, ' having an L* value from about 76.0 to about 
94.0, an a* value from about -38.0 to about -8,0," and a 
b* value from about -5.0 to about 7.0, and 
wherein said gray color is defined by the CIELAB 
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system, having an L* value from about 59.0 to about 
87.0, an. a* value from about -7.0 to about 3.0, and a 
b* value from about -8.0 to" about 2.0. 
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